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(571 ABSTRACT

A method of and an air conditioning unit for re-
conditioning air supplied by a central air conditioning
system and circulated through a space to be air condi-
tioned, characterized in that water condensate pro-
duced by the evaporation of a refrigerant is vaporized
by the heat of condensation of the refrigerant and is

discharged from the ceiling chamber above the space
air conditioned.

18 Claims, 5 Drawing Figures
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~ become short of meeting the total demand of the build-

METHOD OF RE-CONDITIONING AIR FROM
CENTRAL AIR CONDITIONING SYSTEM AND AIR
CONDITIONING UNIT TO CARRY OUT THE
METHOD ' >

BACKGROUND OF THE INVENTION

The present invention relates in general to air condi-
tioning systems and, particularly, to.a central air condi-
tioning system of, for example, a single-duct design. 10
More particularly, the present invention is concerned
with a method of re-conditioning air which has been
supplied from such a system and circulated through a
space or spaces to be heated or cooled and further with
an air conditioning unit for use with the system to carry 19
out the method into praetlee

‘While the central air conditioning system meorporat-
ing the improvement according to the present inven-
tion may be useful for the comfort cooling and heating
of residential buildings and premises or for district air 20
conditioning purposes, the same will prove advanta-
geous particularly when instailed in relatively large-
sized, multiroom and/or multistory structures such as
business, commercial, industrial, institutional or public
buildings as will be understood as the description pro- 25
ceeds. |

The capabilities, performance characteristics and
dimensional details of a single-duct central air condi-
tioning system are usually determined in the process of
planning and designing the building in which the air 30
condltlomng system is to be installed. When the build-
ing is completed and transferred to the client or to
tenants of the client from the contractor, it is usual that
the users of the building have the floors or the existing
compartments of each of the. floors partitioned into 35
sections and subsections depending upon the purpose
for which the floor spaces are to be utilized. This results
in change in the distribution of conditioning air sup-
plied from the central conditioning unit and circulated
through the spaces in the floors. The draughts of air 40
into the spaces to be conditioned therefore vary from
one section or subsection to another and, in the worst
case, there will be such sections or subsections that are
not directly ventilated from the distribution ductwork
of the air conditioning system and are thus not or, at 4>
most, only poorly air conditioned. Such localized distri-
bution of conditioning air also results from the sensible
loads located in the space or spaces to be air condi-
tioned, such as heat-emanating or heat-absorbing
equipment and appliances, illumination for the space ¢
or spaces, and gains or losses of heat due to solar and
sky radiation through the envelope of the building such
as the roof structure, exterior walls, window panes and
other kinds of skins. | |

To remedy the localized distribution of the condi- 55
tioning air, it has been an ordinary practice to have the
air distribution ductwork of the conditioning system
locally re- -arranged so as to compensate for the change
in the load. This will compel the owner or the tenants of
the -building to incur extra expenses. Because, more- 60
over, the ductwork is re-arranged only locally for the
purpose of saving the cost and because of the fact that
the central air conditioning unit per se 1s usually not
re-adjusted or exchanged, the initially designed balance
of the system tends to be destroyed even after the duct- 6>
work is re-arranged and, as a consequence, there will
still exist sections or subsections which are only poorly
air conditioned or the capacity of the system per se will

......

Ing. -
These problems may be solved if the air condltlonmg
is “zoned” by arranging the single- duct system with
supplementary terminal re-heating or re-cooling fan-
coil units each to care for one or more of the zones or
with manually or automatlca]ly controlled air-volume
regulators to care for the individual sections or subsec-
tions. As an alternative, a dual-duct air condltlonlng
system may be utilized in which warm and cold air from
the central air eondltlonmg unit served through parallel

trunk supply systems is mixed by dampers delivering air
properly proportioned to meet the different: demands
of the individual zones. Application of these types of air
conditioning systems to large-sized buildings still pre-
sents a number of problems that must be solved.
Among these problems are (1) the various kinds of
losses of heat and pressure as caused by the transmis-
sion and delivery of the streams of the conditioning air
through the ducts, the re-heating or re-cooling of air
from the central unit, and the mixing of hot and cold
air; (2) the iIncreased installation and maintenance

costs; (3) the complexity of the system arrangement;
(4) the skilful techniques and the sustained, scrupulous
maintenance and servicing required to enable the sys-
tem to properly operate under varying environmental
and weather conditions; and (5) the limited allowance
for the extension and re-arrangement of the ductwork,
the terminal devices, or the central unit.

- To. overcome all these problems that have been en-
countered in the prior art air conditioning systems for
installation in large-sized buildings, the present inven-
tion proposes a central air conditioning system which is
arranged with local air. conditioning units mounted
within ceiling structures above the spaces to be air
conditioned, using the chamber in each ceiling struc-
ture as part of the air distribution ductwork. A ceiling
mounted air conditioner per se is well known in the art
as from U.S. Pats. Nos. 2,682,757, . 2,770,955,
2,817,217 and 3,625,022. Problems are, however,
pointed out in respect of any of the ceiling attic in-
stalled air conditioners taught in these patents in that
the heat exchange efficiencies on both heating and
cooling cycles are low because outdoor air is used,
without being pre-heated or precooled, as a source ot
heat or a medium to be heated by the rejected air and
in that additional cost and space are required for the
installation of the piping to drain off water condensate
produced onto the condenser coil of the conditioner.

SUMMARY OF THE INVENTION

The present invention contemplates provision of a
solution to the above-mentioned drawbacks inherent in
the prior art single-duct central air conditioning sys-
tems and ceiling or attic mounted air conditioners.
While, however, the improvement according to the
present invention will be most advantageously ex-
ploited when combined, in effect, with a central arr
conditioning system of a single-duct type, it should be
borne in mind that the present invention may be real-
ized in combination with a central air conditioning
system of any other type or independently of a central
condltlomng system of any type.

It is, therefore, an important object of the present
invention to provide a- method of re-conditioning air
supplied from a central air conditioning system of, for
example, a single-duct type, and circulated through a
space or spaces to be air conditioned.
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It is another important object of the present inven-

tion to provide an air conditioning unit to be combined,

“in effect, with a'single-duct ‘central ‘air conditioning

~system for remedying or compensating for the mtrlnsrc-

restrictions of the central air conditioning system.

It is still another rmportant object of the present

invention to provrde an air condltronlng unit for use
‘with a central air conditioning system of, for example,
a single-duct type for ’providing ease of local control

and modification or “zoning” of conditioning air de-
pendlng upon the specific demands of lndmdual spaces

to be air conditioned.
-1t is still another important object of the present

invention to provide a single-duct central air condition-

ing system arranged with local air conditioning units

“which are mounted-within ceiling structures of a build-

10

15

'mg and which can dispense with the piping for the

dralnage of water condensate from the local units.

““It'is still another important object of the present
invention to provide a single-duct central air condition-
ing system arranged with local air conditioning units

‘each provided with a device whrch is adapted to vapor-
ize the water condensate in an “on-the-spot™ fashion,
viz., without using piping arrangement and which will

thus do justice to any placement of each local condi-
tioning unit within a ceiling structure of a building.

20

25

4

be air condltroned and back into the space separately

of the: first forced circulation of air, (6) exchanglng:

heat between the secorid forced circulation of air and
the stream of the refrrgerant which has exchanged heat

with the first forced circulation of air, (7) collecting

water condensate produced by the evaporation of the
refrlgerant (8) bringing the collected water conden-
sate into heat-conductive contact with the heat result-
ing from the condensation of the refrlgerant for thereby
vaporizing the water condensate in the ceiling chamber
and (9) withdrawing the resultant water vapor out of
the celllng chamber by the fi rst forced crrculatron of’
arr - - BRI
In accordance wrth another lmportant aspect of the
present invention, there is provrded an air condltlonlng
unit for use with a central air conditioning system for
installation in a building having at least one space to be
air conditioned and a ceiling structure formed with a
ceiling chamber between upper and lower horizontal
members and- provrded with means for withdrawing out
of the space to be air conditioned into the ceiling cham-
ber the air which has been circulated through the
space, comprising an air-to-air heat pump including a
closed loop filled with a refrigerant and having cycles
to evaporate and condense the refrigerant, first circula-

- tion inducing means for inducing a first forced circula-

It is still another important object of the present

invention to provide a single-duct central air condition-
ing system arranged with local air condltlomng units in
which considerations are given to prevent or minimize

condensation of moisture on to the condensers of the
units during cooling and heatlng cycles partrcularly the

cooling cycles of the units.

It is still another important object of the present'_

invention to provide a single-duct central air condition-

ing system arranged with local air conditioning units

which are adjustable independently of each other as
well ‘as of the central conditioning system depending
upon the latent and sensible loads located in mdwrdual
zones to be air conditioned. -

30

tion of air within the ceiling chaniber, second- circula-
tion inducing means for inducing a second forced cir-

culation of air out of the abové-mentioned' space and

back into the space, first heat exchange ‘means: for
exchangmg heat between the first forced circulation of

air and the stream of the refrlgerant circulated through

 the closed loop, second heat exchange means for ex-

35

40

It 1s still another lmportant object of the’ present |

invention to provide an air conditioning unit which s,

in itself, easy and economical to manufacture, to in-

stall, to operate and to service and which will prowde
when combined with a single-duct central air condi-
tioning system, simplicity of construction, ease of in-
stallation, re-arrangement, extension, operation and

servicing and economy of installation and mamtenance

of the central conditioning system. -
It is, thus, a general and basic object of the present

invention to provide an air conditioning system capable
of maintaining excellent comfort at low cost under any

load and environmental conditions in a relatively large-l

sized multiroom and/or multistory building.’

In accordance with one important aspect of the pre-

sent invention, there is provided a method for re-condit-

tioning air supplied by a central air condltromng system

and circulated through a space to be air conditioned in
a burldmg having a ceiling chamber over the space,

refrigerant through a closed loop having cycles to evap-
orate and condense the refrlgerant (2) wrthdrawmg

out of the space into the ceiling chamber the air which.

has been circulated through the space, (3) inducing a

first forced circulation of air within the ceiling chamber

(4) exchangmg heat between the first forced circula-
~ tion of air and the stream of the refrrgerant (5) induc-
ing a second forced circulation of air out of the space to

45

50 j

35

changrng heat between the second forced circulation of -
air and the stream of the réfrigerant which has -ex-
changed heat with the first forced circulation of air,
collecting means for collecting water condensate pro-

“duced by the evaporation of the refrigerant, and vapor-
'lzmg means for bringing the collected water conden-
sate into heatconductive contact with the heat resulting

from the condensation of the refrigerant for vaporizing

the water condensate, the first circulation inducing

means and the- vaporlzlng means belng posmoned
wrthm the cellmg chamber | N ey

BRIEF DESCRIPT[ON OF THE DRAWINGS

Other features and advantages of the present inven-
tion will become apparent from the following descrip-
tion taken In’ COI]_]llIlCtIOIl wrth the accompanymg draw-

mgs in which: - - - .
"FIG. 1 1s a schematlc vertlcal sectlonal view of a

burldmg structure ‘installed with a single-duct central

air conditioning system -arranged with local air: condi-

tlonmg units according to the present invention;
FIG. 2 is a vertical sectional view showmg a preferred

embodiment of the present invention;

FIG. 3-is a vertical sectional view showmg part of

| another preferred embodrment of the present Inven-

comprising (1) producing a continuous stream of a 60

65

r-tIOH

FIG 4 is a view: sumlar to FIG 3 but shows part of

still another preferred embodrment of the present in-

vention; and - _
Flg. § is a view srmrlar to FIG. 2 but shows a further' |
preferred embodiment of the present.invention. .~ -
‘Referring to the drawrngs first to FIG. 1, reference
numeral 10 designates a multlstory, multiroom buildirig
(only an upper portion of which is shown) equipped
with a single-duct central air conditioning system. The
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building 10 is assumed, by way of example, as bemg of
the concrete construction and is shown comprising a
load-carrying frame composed of external vertical
walls 12 -of reinforced concrete and floor and roof

structures 14 and 16 each of which-may be made up of >

a slab of concrete on beams of concrete or steel as 1s
customary in the art of architecture. In each of the
spaces thus tormed between the floor and roof struc-
tures 14 and 16 is arranged a ceiling structure having a

ceiling chamber 18 formed between a horizontal ceil- 10

ing panel 20 and the underside of the. floor-or roof
structure 14 or 16 immediately above the ceiling panel
20. The space between each of the underside of each
ceiling panel 20 and the tloor structure 14 underneath
the ceiling panel is shown divided by a vertical partition
member 22 into rooms 24 which are spatially separate
from each other. The ceiling panel 20 above each of
the rooms 24 i1s formed with openings 26 and 28 for the
ventilation of conditioning air circulated in each room
24 as will be described. The above described construc-
tion of the building 10 is merely for the purpose of
lllustration and 1s of little importance to the present
invention except in that the building has a ceiling struc-
ture which comprises upper and lower horizontal mem-
bers constituted, in the arrangement shown, by the
floor or roof structure 14 or 16 and the ceiling panel
20, respectively, and which has a ceiling chamber 18
formed between the upper and lewer horizontal mem-
bers. | o

The single-duct central air conditioning system in-
stalled in the building 10 thus constructed comprises a
central air conditioning unit 30 which 1s shown
mounted on the top of the roof structure 16 and having
an air intake duct 32 with a louver arrangement 34
through which to draw fresh air into the unit 30. As is
well known in the art, the central air conditioning unit
30 has built therein filters for fresh and recirculated air,
fans, a cooling coil, a motor-driven refrigeration com-
pressor, an air-cooled or water-cooled condenser, a
mixing chamber for mixing {resh and recirculated air,
and so forth, though not shown in the drawings. The
system further comprises ductwork which 1s shown to
consist of, in addition to the above mentioned air in-
take duct 32, a main supply duct 36 leading from the
delivery side of the conditioned air supply fan (not
shown) in the unit 30, a plurality of distribution ducts
38 branched from the main supply duct 36, and a re-
turn duct 40 in communication with the above men-
tioned mixing chamber across an automatically con-
trolled recirculation air damper 42, and an air dis-
charge duct 44 which is branched from the return duct
40 upstream of the damper 42 and which is open to the
atmosphere through a louver arrangement 46. Each of
the distribution ducts 38 branched from the main sup-
ply duct 36 extends through each of the ceiling cham-
bers 18 and terminates in the openings 26 in the ceiling
panel 20 at the bottom of the particular ceiling cham-
ber 18 as shown. On the other hand, the return duct 40
Is In communication with the ceiling chambers 18
through openings 46 which are formed in an 1nner wall
portion of the exterior vertical wall 12,

When the central air conditioning system thus ar-
ranged 1s 1n operation either on the cooling or heating
cycle thereof, cold or hot air delivered from the central
conditioning unit 30 into the main supply duct 36 is
directed into the branch ducts 38 and blows through
the openings 26 at the terminals of the branch ducts 38
downwardly into the individual rooms 24 to be air

15
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6

conditioned. The cold or hot air 1s circulated through
each of the rooms 24 and extracts or liberates heat
from or into the latent and sensible loads in the room.
The stream of air thus warmed or cooled 1n each room
24 is withdrawn from the room through the opening or
openings 28 in the ceiling panel 20 above the room 24
and enters the ceiling chamber 18. Air thus entering
each of the ceiling chambers 18 is passed into the re-
turn duct 40 and 1s in part discharged as exhaust air
into the atmosphere through the air discharge duct 44
and in part recirculated into the central conditioning
unit 30 across the recirculating air damper 42 for re-
use of the heat in the recirculated air. If desired, the
distribution ducts 38 may be arranged to be open into
some or all of the rooms 24 through openings (not
shown) formed in an inner wall portion of the vertical
wall 12 or, as an alternative to this arrangement, the
main supply duct 36 may be arranged to be open direct
into some or all of the rooms 24 through such openings,
provided air blowing from such openings is capable of
being uniformly circulated through each of the rooms
24 or if the structural or dimensional details of the
rooms call for such a modified arrangement. It 1s, how-
ever, of special importance in the present invention
that each of the ceiling chambers 28 be arranged to
provide communication between each of the rooms 24
to be air conditioned and the return duct 40 and can
thus be utilized as part of the ductwork for withdrawing
air from each room 24.

In a conventional single-duct central air conditioning
system, the draughts of conditioning air fed into the
individual rooms 24 are, in principie, substantially uni-
form throughout the rooms. As previously pointed out,
however, the latent and sensible loads notably vary
from one of the rooms or zones to another due to the
gains or loses of heat as caused by, for example, place-
ment of heat-emanating or heat-absorbing equipment
and appliances, illumination for the rooms or zones and
solar and sky radiation. It will therefore happen that the
draughts of conditioning air into some of the rooms
become short of providing sufficient comform 1n the
rooms. This problem becomes more serious if the
rooms 24 are partitioned into smaller sections or sub-
sections so that some of the sections or subsections are
not in direct communication with the air inlet and out-
let openings 26 and 28 In the ceiling panels 20. To
overcome the problem inherent in the central air con-
ditioning system of the single-duct design, the present
Invention proposes to provide supplementary air condi-
tioning means adapted to reheat or re-cool room air
independently of the central system and depending
upon the total load 1n each of the rooms to be air condi-
tioned. o

To achieve this purpose, each of the ceiling panels 20
is formed with an opening 48 and a local air condition-
ing unit 50 is positioned in the ceiling chamber 18
above the opening 48. The local air conditioning units
50 may be provided for.all of the rooms 24 as shown or
the sections and subsections of the rooms but it 1s pref-
erably, for the purpose of reducing cost of installation
and maintenance, to have the units provided only for
those rooms or the sections or subsections of the rooms
which can not be sufficiently air conditioned by the
conditioning air supplied by the central system alone
for the previously mentioned reasons. Details of a pre-

ferred construction of the unit 50 are illustrated in FIG.
2.
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~ Referring to FIG. 2, the local air conditioning unit 50
is constituted by an air-to-air heat pump and comprises

a casing 52 consisting of conditioning and heat-transfer

sections 54 and 56 which are horizontally juxtaposed

and which are separated from each other by a vertical
partition member 58 forming part of the casing 52. The

casing 52 is suspended from the underside of the floor

structure 14 by means of brackets 60 and 60’ and pref-
erably has its lower end located in the above mentioned
“opening 48 in the ceiling panel 20 as shown. The casing
52 has integrally formed therewith or fixedly attached
thereto a horizontal bottom member 62 which is sub-

stantially coextensive with the opening 48 in the ceiling

panel 20. The bottom member 62 is downwardly

spaced apart from the bottom end of the casing 52 and

forms a gap 64 between the lower end of the condition-
ing section 54 and the upper face of the bottom mem-
ber 62 s . _
The conditioning section 54 of the casing 52 consists
of an air inlet chamber 66, a heat-exchange chamber

68 and an air outlet chamber 70 which are horizontally

arranged in series and which are constantly in commu-
nication with each other with the heat-exchange cham-
ber 68 located between the air inlet and outlet cham-
bers 66 and 68. The air inlet chamber 66 has an open
bottom end and communicates through the open bot-
tom end with the above mentioned gap 64 and, through
the gap 64, with the space under the ceiling panel 20,
the space being one of the rooms 24 shown in FIG. 1 or
a section or a subsection forming part of the room. The

‘heat-exchange chamber 68 has an input or windward

side contiguous to the leeward side of the air inlet
chamber 66 and an output or leeward side communi-
‘cating with the air outlet chamber 70. Between the
heat-exchange chamber 68 and the air outlet chamber
70 is positioned a vertical wall member 72 which 1s
integral with or fixedly jointed to the casing 52. The
wall member 72 is formed with a preferably circular
opening 74 through which communication is provided
between the chambers 68 and 70. The wall member 72
thus formed with the opening 74 is useful for concen-

trating the stream of air to flow from the heat-exchange

chamber 68 into the air outlet chamber 70 as will be
understood as the description proceeds but, if desired,

the wall member 72 may be disposed with for providing

direct and unrestricted communication between the
‘chambers 68 and 70. The previously mentioned hori-

zontal bottom member 62 disposed underneath the

casing 52 is formed with a diffuser portion 76 which is

downwardly open into the space under the ceiling
panel 20. The air outlet chamber 70 has an open bot-
tom end communicating with the space under the ceil-
ing panel 20 through the diffuser portion 76 of the

 bottom member 62. | |
Within the heat-exchange chamber 68 is positioned a

heat-exchanger 78 which may be constituted by a

finned coil ordinarily used as a heating or cooling coil

in an air-to-air heat pump. Though not shown in the

drawings, the heat-exchanger 78 is connected through-

a suitable shift valve (usually a four-position valve)
between a compressor and an expansion valve by

means of suitable piping arrangement and has passed.

therethrough a refrigerant in a direction toward or
away from the compressor, as is customary in the art of

heat pumps. On the other hand, the air outlet chamber ©>

70 has accommodated therewithin a motor-driven cen-
trifugal or paddle-wheel fan 80 rotatable about a hori-

8 _ .
the flow-of air to.be induced from the heat-exchange
chamber 68 into the air outlet chamber 70 through the
opening 74 in the wall member 72 or, preferably, in line.
with the center axis of the circular opening 74-as

“shown. The centrifugal fan 80 is thus adapted to induce

a forced circulation of air out of the space below the
ceiling panel 20, through the conditioning section 34,
and into the above mentioned space.- =

" The heat-tranfer section 56 consists of an air inlet

10

chamber 82 and a heat-exchange chamber 84 which
are constantly in communication with each other. The
air inlet chamber 82 is open at the top thereof into the
ceiling chamber 18 through a grille 86. On the other

" hand, the heat-exchange chamber 84 has an input or
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windward side contiguous to the leeward side of the air

inlet chamber 82 and an output or leeward side open to

the ceiling chamber 18 through a grille 88. The air inlet
chamber 82 has accommodated therein an axial-flow
fan 90 having a horizontal axis substantially parallel
with the flow of air to be induced through the heat-
exchange chamber 84 and preferably in line with the
axis of rotation of the centrifugal fam 80 in the condi-
tioning section 54.:The axial-flow fan 90 is thus
adapted to induce a forced circulation of air out of the
ceiling chamber 18, through the heat-transfer section
56 and into the ceiling chamber 18. Both the centrifu-

gal fan 80 and the above mentioned axial-flow fan 90

are driven by a motor 92 which is shown positioned
within the air inlet chamber 84 of the heat-transfer
section 56 and which is mounted on the previously
mentioned partition member 58 separating the condi-
tioning and heat-transfer sections 54 and 56. Within
the heat-exchange chamber 84 of the heat-transter
section 56 is mounted a heat-exchanger 94 which may
be constituted by a finned coil. As is customary in the
art, the heat-exchanger 94 is connected through the
previously mentioned shift valve between the compres-
sor and the expansion valve by suitable piping arrange-
ment similarly to the heat-exchanger 78 in the condi-
tioning section 54, though not shown 1n the drawings.

The air conditioning unit 50 thus constructed and
arranged is in most respect similar to the existing air-to-
air, refrigerant-flow-reversible heat pump, having a
closed refrigerant circuit consisting of the heat-
exchangers 78 and 94 which are in communication

‘with each other through the refrigerant compressor,

shift valve and expansion valve (or two expansion

valves one of which operates as a check valve when the

other operates as the expansion valve). -
When, now, the single-duct central air conditioning

system is operating on the cooling cycle thereof for

providing comfort cooling as during the summer sea-
son, the shift valve of the heat pump constituting the
local air conditioning unit 50 is set so that the heat-
exchanger 78 in the conditioning section 84 is con-
nected to the suction side of the compressor for acting
as a refrigerant evaporator and the heat-exchanger 94
in the heat-transfer section 56 is connected to the dehiv-

ery side of the compressor for acting as a refrigerant

condenser. As a consequence, the compressor delivers
the hot compressed refrigerant of the gaseous phase
through the shift valve to the condenser or the heat-

“exchanger 94 in the heat-transfer section 56, in which

zontal axis substantially parallel with the direction of

the refrigerant gas is condensed into a liquid state and
gives up the latent heat of condensation of the air in
contact with the heat-exchanger. From the heat-
exchanger 94 serving as the condenser; the liquid re-

frigerant flows through the expansion valve to the heat-
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exchanger 78 in the conditioning section 54, in which
the liquid refrigerant is changed into a gas, absorbing
the heat of evaporation from the air in contact with the
heat-exchanger 78 serving as the evaporator. From the

heat-exchanger 78, the refrigerant gas returns through

the shift valve to the compressor so as to repeat the
above described cycle. When, thus, the motor 92 of the
conditioning unit 50 is energized and the fans 80 and
90 in the conditioning and heat-transfer sections 54
and 36, respectively, are initiated into action under
these conditions, forced circulations of air are induced
in both of the conditioning and heat-transfer sections
54 and 56 as previously mentioned. By reason of the
suction induced by the centrifugal fan 80 in the condi-
tioning section 54, room air in the space under the
ceiling panel 20 is drawn into the air inlet chamber 66
of the section 54 through the gap 64 and then into the
heat-exchange chamber 68, in which the room air 1s
cooled by the heat-exchanger 78 serving as the refriger-
ant evaporator so as to extract heat from the air passed
therethrough. The air thus re-cooled is forcibly with-
drawn' out of the heat-exchange chamber 68, through
the air outlet chamber 70 and through the diffuser
portion 76 of the bottom member 62 into the space
under the ceiling panel 20 and cools the space. On the
other hand, the air in the ceiling 18 i1s drawn into the
air-inlet chamber 82 of the heat-transfer section 36 by
the stream of air induced by the axial-flow fan 90 and
is passed through the heat-exchanger 94 serving as the
refngerant condenser to liberate heat into the air. The
air thus re-heated in the heat-transfer section 56 is
discharged into the ceiling chamber 18 from the output
or leeward side of the heat-exchange chamber 84. The
air introduced into the heat-transfer section 54 from
the ceiling chamber 18 has once been cooled by the
central conditioning system and, for this reason, re-
mains at a relatively low temperature as compared with
outdoor air although the same has been warmed by the
load in the space air conditioned. This means that the
heat-exchanger 94 in the heat-transfer section 36 1s
subjected to a relatively low load and 1s therefore en-
abled to provide a relatively high heat exchange efti-
ciency between the refrigerant and the air passed
through the heat-exchanger 94. The warm air dis-
charged from the heat-transfer section 356 1s passed,
together with the air withdrawn from the other spaces,
into the return duct 40 of the central conditioning
system through the ceiling chamber 18 (FIG. 1).
When, on the other hand, the central air conditioning
system is operating on the heating cycle thereof for
providing comfort heating as during the winter season,
the local air conditioning unit 50 is operated so that the
heat-exchanger 78 in the conditioning section 54 is

10

the heat of evaporation from the air in.contact with the
heat-exchanger 94 serving as the evaporator. From the
heat-exchanger 94, the refrigerant gas returns through
the shift valve to the compressor so as to repeat the
cycle. When the fans 80 and 90 in the conditioning and
heat-transfer sections 54 and 56, respectively, are
driven by the motor 92 under these conditions, forced

~circulations of air are induced through the sections 34
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connected to the delivery side of the refrigerant com-

pressor for acting as a refrigerant condenser and the
heat-exchanger 94 in the heat-transfer section 56 1s
connected to the suction side of the compressor for
acting as a refrigerant evaporator. As a consequence,
the compressor delivers hot refrigerant gas through the
shift valve to the condenser or the heat-exchanger 78 in
the conditioning section 54, in which the refrigerant
gas is condensed into a liquid state and gives up the
latent heat of condensation to the air passed through
the heat-exchanger 78. From the heat-exchanger 78

thus serving as the condenser, the liquid refrigerant

flows through the expansion valve to the heat-
exchanger 94 in the heat-transfer section 56, in which
the liquid refrigerant is changed into a gas, absorbing
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and 56 as during the cooling cycle. The room air drawn
into the conditioning section 54 is therefore warmed by
the heat-exchanger 78 serving as the refrigerant con-
denser and liberating heat into the air passed through
the heat-exchange chamber 68. The air thus re-heated
is forcibly withdrawn from the heat-exchange chamber
68, through the air outlet chamber 70 and through the
diffuser portion 76, into the space under the ceiling
panel 20 and warms the space. On the other hand, the
air drawn from the ceiling chamber 18 into the air inlet’
chamber 82 of the heat-transfer section 56 by the axial-
flow fan 90 is cooled by the heat-exchanger 94 serving
as the refrigerant evaporator to extract heat from the
air. The air thus re-cooled in the heat-transfer section
56 is discharged into the ceiling chamber 18 from the
output or leeward side of the heat-exchange chamber
84 and is passed, together with the air withdrawn from
the other spaces, into the return duct of the central
conditioning unit as during the cooling cycle. The air
introduced into the heat-transfer section 56 from the
ceiling chamber 18 is warmed by the central condition-
ing system and, in most cases, further by sensible loads
in the spaces air conditioned and has a higher tempera-
ture than that of outdoor air especially in the cold
seasons. This means that the heat-exchanger 94 serving
as the refrigerant evaporator is subjected to a relatively
low load and is, for this reason, enabled to provide a
relatively high heat extraction efficiency between the
refrigerant and the air. passed through the heat-
exchanger 94. The refrigerant for use 1n the air condi-
tioning unit 50 may therefore be of a nature having a
relatively high evaporation temperature as compared
with a refngerant to be used in a conventional air-to-air
heat pump using outdoor air as a source of heat during
the heating cycle

‘The local air conditioning unit S0 may appear, as far
as its construction and arrangement thus far described
is concerned, essentially similar to the conventional
air-to-air heat pump for comfort cooling and heating
purposes but it should be noted that the air condition-
ing unit 50 is distinct from prior art heat pumps 1n that
the unit is so arranged in combination, 1n effect, with a
single-duct central air conditioning system so as to
exchange heat with air which has once been heated or
cooled by the central air conditioner and which has
been withdrawn from the conditioned space or spaces
into the ceiling chamber utilized to form part of the
ductwork or more particularly of the return duct of the
central conditioning system.

When the heat-exchanger 78 'in the conditioning
section 54 is acting as the refrigerant evaporator during
the cooling cycle of the air conditioning unit 50, mois-
ture contained in the room air drawn. into the condi-
tioning section 54 tends to be condensed onto the sur-

- faces of the heat-exchanger 78. The water condensate

65

flows down the surfaces of the fins.of the heat-changer
78 and would reach the bottom of the casing 30, drip-
ping down into the space below the conditioning unit
unless suitable means is provided to prevent this from
occurring. It has therefore been an ordinary practice 1n
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the art of air conditioners and heat exchangers to have

a drain sump: positioned below. the heat exchanger for .

collecting the :water -condensate and to conduct :the
collected water condensate out of:the heat exchange by
the use of a piping arrangement CAS prewously pointed
out, however, provision of such a piping arrangement

not only requires additional cost and space for the

installation thereof but restricts the:locations available
for the installation of the air conditioning unit. -
- To eliminate these problems encountered in the con-

ventional air conditioners and heat exchangers, the

10

local: air conditioning unit 50 shown -in FIG. 2 com-

prises, in addition to the members and units thus far

described; a first open-top-vessel or collecting basin 96

which is positioned within the heat-exchange chamber
68 in: the conditioning section 54  and 1mmediately

below. the heat-exchanger 78 and a second open-top -

15

vessel or vaporizing basin 98 which is positioned within

~ the heat-exchange chamber 84 in the heat-transfer

section 56 and located in part immediately below the
heat-exchanger 94 and in part on:the output or leeward
side of the heat-exchanger 94. The collecting and va-

porizing basins 96 and 98 are connected together by .
suitable passageway means such as a conduit 100 which

is open at one end into the bottom of the interior of the

collecting basin 96 and at the other end into the bottom

20
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water stored in the basin 98 1s posnwely evaporated by
the heat transferred thereto - from the hot pipe 104

which ‘is .immersed in:the water -or located slightly

above the surface of the water depending upon the

‘level of the water in the basin 98. The hot pipe. 104 may

be part of the piping arrangement connected to the
delivery side of the refrigerant compressor of the con-
dltlomng unit-50 or may be branched from such a plp- |

- ing arrangement. ‘The hot pipe 104 in the. vaporizing

basin 98 is preferably arranged in coiled form to add to
the area of the surface of contact between the pipeline

‘and the water. For the purpose of preventing the-water

from overflowing from the vaporizing basin:98, there.
may be further provided emergency vaporizing means

responsive to an impending overflow condition of the

water in the basin 98. The emergency vaporizing means-
is shown constituted by an electric heater 106 posi-

“tioned:within the vaporizing basin 98 and is connected

to ‘an external source of power (not shown). In the

‘event an unusually increased quantity of water conden- -

sate is produced onto the heat-exchanger 78 in .the

conditioning section 54 as may be caused when the

" rooni-air drawn into ‘the conditioning section is unusu-

25

of the interior of the vaporizing basin 98. The bottom

end of the interior of the vaporizing basin 98 has a level

which is not higher than the level of the bottom-end of
the interior of the collecting basin 96 so that the water

30

condensate collected in the latter is constantly allowed

to flow into the former through the conduit 100. The
collecting and vaporizing basins 96 and 98 are, further-

more, shown to be so positioned. relative to the heat-

exchanger 78 and 94, respectively, in such a manner
that the lower ends of the heat-exchangers 78a nd 94

35

are lower than the top ends of the basins 96 and 98 and |

may accordingly be immersed in the water stored in the
basins 96 and 98, respectively. If desired, the conduit

100 may be replaced with an open-top channel (not

shown) which may be arranged essentially similarly to

40

the conduit 100. During the cooling cycle of the air
conditioning unit 50, the heat-exchanger 94 in the
heat-transfer section 56 acts as a refrigerant condenser

and emanates heat of condensation. The heat 1s trans-
ferred to the water in the vaporizing basin 98 in part by
the stream of hot air flowing over the surface. of the
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ally moist and, as a consequence, the water which has
been stored.in the vaporizing basin 98 can not be va-
porized by the  heat . transferred  from the- heat-
exchanger 94 and the pipeline 104 alone and is about

to overflow from the basin 98, the electric heater 106 1s

automatically energized from ' the -external -power
source and heats and vaporizes the water in the basin
98 ‘until. the impending overflow: condition is elimi-
nated. The water stored in the vaporizing basin 98 can
thus be prevented from being overflown from the basin
98 ‘and, accordingly, from dripping into the space

below the ceiling panel 20 even ‘when the level of the

water in the basin 98 is raised -unusually. |
Tests were conducted to evaluate the vaporizing rate
of the water from the vaporizing: basin 98 when air in
the ceiling chamber 18 has a temperature of 35° C and
a relative humidity of 0.4. The tests were categorized in

~ four different conditions including a condition (A) In

which only the vaporizing basin 98 is provided and the

wind deflecting plate 102 and the hot pipe 104 are

dispensed with in the heat-transfer section 36, a condi-
tion (B) in -which the vaporizing basin 98 is arranged

* with only the wind deflecting plate 102 and is thus void

water from the output or leeward side of the heat ex-

changer 94 and in part by direct contact between the

lower end of the water in the basin 98 and the heat-:

exchanger 94 having. its lower end immersed in the
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water. To enable the water in the vaporizing basin 98 to -

be vaporized at an increased rate, a wind. deﬂecting
plate 102 may be positioned over the vaporizing basin

98 and on the leeward or output side of the heat-: -
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exchanger 94 so that a portion of the stream of air .

issuing the heat-exchanger 94 is forcibly guided or

deflected downwardly. toward the surface of the water

stored in the basin 98 as indicated by-an arrowa. The

deﬂectmg plate 102 may be fixedly connected to the '

casing 52 or may be arranged to be angle adjustable

with respect to-the direction of the flow of air from-the

heat-exchanger 94.and the surface of the water stored

60

in the vaporizing basin 98. The vaporizing efficiency of

the water in the basin 98 may be further increased if a
hot pipe 104 arranged to. be heated during both the

- 65

cooling and heating cycles of the conditioningunit S01s

disposed within the vaporizing basin 98:so0 - that the

of the hot pipe 104, a condition’(C) in which the vapor-
mng basin 98 is-arranged with-only the hot pipe 104
and is thus void of the wind deflecting plate 102 and a

condition (D) in which the vaporizing basin 98 :is.ar-

ranged with both the wind deflecting plate 102 and the

“hot pipe 104. The electric heater 106 was kept deener-
gized in each of. the tests. The. tests revealed that the

vaporizing rate of the water from the basin 98 is, on the

average, about 180 .ml per hour under the condition

(A), about 270 ml under the condition (B), about 720
ml under the condition (C) and about 880 ml under the
condition (D). From-this it will be understood that the
water condensate produced in the air conditioning unit
50 during the cooling cycle can be efﬁcnently dissipated

therefrom when the .vaporizing basin 98 1s: arranged .
- with the wind: deflecting plate 102 or the hot pipe- 104
or both although an acceptable water vaporization

efficiency can be achieved when the wind deﬂecting
plate 102 and the hot pipe 104 are. dispensed with.
During the heating cycle of -the air conditioning umt- |
50, on the other hand, the room air entering the ceiling
chamber 18 is maintained at a relatively high tempera-
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ture as previously noted and hab a relatwely low humid-
ity by reason of the heat from the sensible load in the
space air conditioned. It therefore follows that the air
drawn into the heat-transfer section 56 has a relatively
low dew temperature which is approximately 3° C when
the air has a temperature of about 27° C and a relative
humidity of about 0.3. If, therefore, ‘the refrigerant for
use in the conditioning unit 50 is selected to have an
evaporation temperature lower than the dew point of
the air in the ceiling chamber 18, viz., about 3° C for
example, there will be produced substantially no water
condensate onto the heat-exchanger 94 acting as a
refrigerant evaporator during the heating cycle ot the
conditioning unit 50. The above specified dew temper-
ature of air in the ceiling chamber 18 corresponds to
the saturation pressure of about 5.63 kgs/cm? in abso-
lute of the refrigerant or to the gauge pressure of about
4.63 kgs/cm?. In the case of a plate-and-fin heat ex-
changer, the actual temperatures of the surfaces of the
fins are usually higher, about 3° C., than the evapora-
tion temperature of the refrigerant. In view of such a
difference in temperature, the evaporation tempera-
ture of the refrigerant may be selected to be of the
order of 4.1 kgs/cm?® in gauge pressure. This will be
achieved by selecting the capacity of the  heat-
exchanger 94 acting as an evaporator during the heat-
ing cycle, the draught of air supplied to the heat-
exchanger 94 during the cooling cycle, the quantity of
the refrigerant used, and/or the rate of circulation of
the refrigerant through the heat-exchanger 94 during
the heating cycle. The production of water condensate
during the heating cycle of the conditioning unit 50 can
be prevented in this fashion but even if water conden-
sate happens to be produced on to the heat-exchanger
94 in the heat-transfer section 56, the water condensate
flows down the surfaces of the fins of the heat-
exchanger 94, is collected in the vaporizing basin 98
and is vaporized by the heat transferred from the hot
pipe 104. Evaporation of the water from the basin 98
will be promoted by the stream of dry air flowing over
the surface of the water from the output or leeward side
of the heat-exchanger 94 and deflected downwardly by
the wind deflecting plate 102. In view of the extremely
small quantity of water condensate which 1s produced

during the heating cycle, the hot pipe 104 may not be

supplied with the hot refrigerant gas delivered from the
compressor because the water condensate collected in
the vaporizing basin 98 will be vaporized w1thout being
positively heated.

If desired, the collectmg basin 96 may be positioned
relative to the heat-exchanger 78 in the conditioning
-section 54 in such a manner that the top end of the
basin 96 is not higher than the lower end of the heat-
exchanger 78. Likewise, the vaporizing basin 98 may
be positioned relative to the heat-exchanger 94 in the
heat-transfer section 56 so that the top end of the basin
98 is not higher.than the lower end of the heat-
exchanger 94 above the basin 98. As an alternative, the
vaporizing basin 98 may be located in its entirety on the
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the centrifugal fan 80 in the conditioning section 54 1s
driven by a motor (not shown) which is proper to the
fan 80. |

The heat-transfer section 56a shown in FIG. 3 has a
vertical partition member 108 formed with a preferably
circular opening 110 and consists of heat-exchanger
and air outlet chambers 112 and 114 which are hori-
zontally in communication with each other through the
opening 110 in the partition member 108. The heat-
exchange chamber 112 has an input or windward side
open to the ceiling chamber through a grille 116 and an
output or leeward side contiguous to the opening 110
in the partition member 108. On the other hand, the air
outlet chamber 114 has a windward portion contiguous
to the opening 110 in the partition member 108 and a
leeward portion located below the windward portion
and horizontally open to the ceiling chamber through a
grille 118. Within the heat-exchange chamber 112 1s

- positioned a heat-exchanger 94 similar to its counter-
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output or leeward side of the heat exchanger 94 if 60

desired.

FIGS. 3 and 4 illustrate modifications of the heat-
transfer section 56 of the air conditioning unit 50 thus
far described. Referring to FIG. 3, the heat-transter
section, now designated by 56a, is assumed to be com-
bined with the conditioning section constructed and
arranged largely similarly to the conditioning section
56 of the arrangement shown in FIG. 2 except in that

65

part in the embodiment illustrated in FIG. 2 while the
air outlet chamber 114 has accommodated therewithin
a centrifugal or paddle-wheel fan 120. The centrifugal
fan 120 is rotatable about a horizontal axis which is
substantially parallel with the direction of the tflow of
air to be induced from the heat-exchange chamber 112
into the windward portion of the air outlet chamber
114 through the opening 110 in the partition member
108 or, preferably, in line with the center axis of the
opening 110 as shown. The centrifugal tan 120 1s thus
adapted to induce a forced circulation of air from the
ceiling chamber into the heat-transter section 56a and
back into the ceiling chamber. The fan 120 is driven by
a motor 122 which is shown located within a motor
chamber 124 forming part of the heat-transfersection
56a. At the bottom of the lower leeward portion of the
air outlet chamber 114:is positioned the previously
described vaporizing basin 98 provided with the hot
pipe 104 and the electric heater 106. The vaporizing
basin 98 is in communication with the water conden-
sate collecting basin 96 in the conditioning section 54
shown in FIG. 2. ‘

The heat-transfer section 56a shown in FIG. 3 is thus
characterized in that the centrifugal fan 120 is located
above the vaporizing basin 98 so that the draft of air
induced by the fan 120 is totally directed toward the
water stored in the basin 98. The stream of air is caused
to impinge upon the surface of the water in the basin 98
and will produce ripples of the water, promoting the
water to be vaporized by the heat in the stream of air
which has been passed through the heat-exchanger 94
which serves as a refrigerant condenser during the

- cooling cycle of the conditioning unit. Vaporization of

the water in the basin 98 is further promoted by the
heat which will be transferred to the water from the hot
pipe 104 and, under an impending overflow condition,
further by the heat generated by the electric heater 106
as previously described with reference to FIG. 2. The
water vapor thus produced over the vaporizing basin 98
1s withdrawn substantially in horizontal direction from
over the vaporizing basin 98 into the ceiling chamber
together with the air which has been drawn into the
heat-transfer section 56a from the coiling chamber.
The motor 122 for driving the centrifugal fan 120 may
be utilized also to drive the centrifugal fan 80 in the
conditioning section 54 of the conditioning unit (FIG.
2).

Turning to FIG. 4, the heat-transfer section, now
designated by 56b, consists of air inlet, heat-exchange
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and air outlet chambers 126, 128 and 130 which are
vertically in communication with each other. The air
inlet and outlet chambers 126 and 130 are located at
the top and bottom, respectively, of the section 564
- with the heat-exchanger chamber 128 located between
the air inlet and outlet chambers 126 and 130. The air

inlet chamber 126 has a top end open to the ceiling

chamber through a grille 132 and the air outlet cham-
ber 130 is horizontally open to the ceiling chamber

through a grille or grilles 134. Within the air .inlet
chamber 126 is positioned an axial-flow fan 136 rotat-
able about a vertical axis and is driven for rotation by a
motor 138. The motor 138 may be proper to the fan
136 or may also be in driving connection to the centrif-
ugal fan .80 in the condltlomng section 54 (F IG. 2). The
prewously described heat-exchanger 94 is located in

the_heat-exchange chamber 128, having an input or
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windward: side located immediately below the fan 136 -
and an output or leeward side locsted over the air out- -

let chamber 130. The heat-exchanger 94 acts as refrig-

erant condenser and evaporator during the coolmg and

- heatmg cycles, respectively, of the conditioning unit, as

previously described with reference to FIG. 2. At the

20

bottom of the air outlet chamber 134 is positioned the

vaporizing basin 98 provided with the hot pile 104 and
the electric heater 106. The vaporizing basin 98 is in
communication with the water condensate collecting

basin. 96 in the conditioning section 54 of the condi-

_tlomng unit (FIG 2)

In operatlon air in the ceiling chamber is drawn into.

the air inlet chamber 126 through the grille 132 by the

suction induced by the axial-flow fan 136 and is passed

to the heat-exchanger 94. During the cooling cycle of
the conditioning unit, the heat-exchanger 94 acts as a
refrigerant condenser and thus warms up the air passed

therethrough. The warmed air is forced to blow down-

wardly toward the surface of the water stored in the
- vaporizing basin 98 and promotes the water to vaporize

in cooperation with the hot pipe 104 and, under an

impending overflow condition, also with the electric
heater 106. The water vapor thus produced is expelled
substantlally in horizontal direction from over the va-

porizing basin 98 by the stream of air subsequently

flowing toward the basin and is discharged from the air
outlet chamber 130 through the grllle 134. The heat-
transfer section 566 shown in FIG. 4 1s, thus, character-
ized in that the draught of air induced by the fan 136 is
totally directed toward the water stored in the vaporlz-
ing basin 98, 51m11arly to the arrangement illustrated in

FIG. 3. -

While the casmg 50 of the embodlment shown in
FIG. 2 has a bottom part exposed to the space to be air
conditioned, the local air conditioning unit embodying
the present invention may be modified so that the cas-
ing of the conditioning unit is totally concealed above
the ceiling panel. FIG. 5 shows such a modified em-

bodiment. -

| Referrmg to FIG. 5, the air conditioning umt com-
prises a casing 140 which is positioned within a ceiling
chamber 18 between a floor structure 14 and a ceiling
panel 20 above the space to be air conditioned and
which is suspended from the underside of the floor
structure 14 by brackets 142 and 142" in such a manner
that the casing 140 has its bottom end upwardly spaced
apart from the ceiling member 20. The casing 140 1s
divided by a vertical partition member 144 into condi-
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sides of the partltlon member 144. The eond1tromng
and heat-transfer .sections 146 and 146’ are con-
structed essentlally similarly and respectwely consist of
air inlet chambers 148 and 148’, heat-exchanger cham-
bers 150 and 150, and air outlet chambers 152 and
152'. The air inlet chamber 148 of the condltlonmg
section 146 has an open bottom end communicating
with the space or room to be air conditioned through a
bellows-type duct 154 having a lower end fixed to the
ceiling panel 20 and open to the space or room through

‘a grille 156 which is mounted in an opening 158 formed

in the ceiling panel 20. The heat-exchanger chamber
150 of the conditioning séction 146 has an input or
windward side contiguous to the air inlet chamber 148
and an output or leeward side contiguous to the air
outlet. chamber 152. The condltlomng section 146 of
the casing 140 1s formed with an opemng 160 through
which the air outlet chamber 152 is horizontally open
into a passageway in a bellows-type duct 162 extending
from the opening 160 and terminating above the upper
face of the ceiling panel 20. The ceiling panel 20 is

formed with an opening 164 and has fixedly mounted

‘thereon a diffuser 166 -providing communication be-
“tween the duct 162 and the space to be air conditioned

through the opening 164. On the other hand, the.air
inlet chamber 148’ of the heat-transfer chamber 146’ is
open to the ceiling chamber 18 through a grille 168.

The heat-exchange chamber 150’ of the heat-transfer
section 146’ has an input or windward side contiguous
to the air inlet chamber 148’ and an output or leeward
side contiguous to the air outlet chamber 152’ which is

~ horizontally open to the ceiling chamber 18 through a
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as a refrigerant evaporator during the cooling cycle of

grille 170. The air inlet chambers 148 and 148’ of the
sections 146 and 146’ have accommodated therewithin

axial-flow fans 172 and 172, respectwely, which are
rotatably about horizontal axes in line with each other.
The fans 172 and 172’ are driven for rotation by means

of a motor 174 fixedly supported by the partition mem-
ber 144 as shown. Heat-exchangers 176 and 176’ are
positioned within the heat-exchange chambers 150 and
150’ of the sections 146 and 146°, respectively. These

heat-exchangers 176 and 176’ are arranged similarly to

‘the previously described heat—exehangers 78 and 94 of

the embodiment illustrated in FIG. 2. The heat-
exchanger 176 in the conditioning section 146 thus acts

the conditioning unit and as" a refrigerant condenser

~ during the heating cycle of the unit, while the heat-
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tioning and heat-transfer sections 146 and 146’ which
- are horlzontally juxtaposed with each other on both

“exchanger 176’ of the heat-transfer section 146" acts as

a refrigerant condenser during the cooling cycle of the
condltlomng unit and as a refrigerant evaporator dur-
ing the heating cycle of the unit. At the bottoms of the
heat-exchange and air outlet chambers 150 and 152 of
the conditioning section 146 are positioned water con-
densate collecting and vaporizing basins or open-top
vessels 178 and 180, respectively. At the bottoms of the
heat exchange and air outlet chambers 150’ ad 152 of
the heat-transfer section 146’ are, likewise, positioned
water condensate collecting and vaporizing basins or
open-top vessels 178’ and 180/, respectively. The col-
lecting basin 178 in the condltlonmg section 146 1s In
communication with the vaporizing basin 180’ in the
heat-transfer section 146’ through a conduit 182 and,
likewise, the collecting basin 178" in the heat-transfer
section 146 is in communication with the vaporizing
basin 180 in the conditioning section 146 through a
conduit '182’. Each of the conduits 182 and 182 is

‘open at both ends into the bottoms of the basms mter-
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connected by the conduit and is slightly sloped partly
or throughout its length downwardly from the collect-
ing basin toward the vaporizing basin as shown. The
collecting basins 178 and 178’ are located immediately
below the heat-exchangers 176 and 176’ of the condi-
tioning and heat-transfer sections 146 and 146, re-
spectively, so that water condensate produced on to
each of the heat-exchangers 176 and 176’ is collected
in each of the basins 178 and 178’ especially when the
heat-exchanger acts as a refrigerant evaporator. Over
the vaporizing basins 180 and 180’ of the sections 146
and 146’ are positioned wind deflecting plates 184 and
184" for forcibly guiding respective portions of
streams of air issuing from the heat-exchangers 176
and 176’ in the sections 146 and 146', respectively,
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similarly to the wind deflecting plate 102 provided in

the embodiment 1illustrated in FIG. 2. The vaporizing
basins 180 180’ are provided with hot pipes 186 and
186’ and electric heaters 188 and 188’, respectively.
Each of the hot pipes 186 and 186’ and each of the
electric heaters 188 and 188’ are arranged smnlarly to
their counterparts in the embodiment shown 1n FIG. 2
and, thus, no further description regarding the arrange-
ments thereof will be herein incorporated. Designated
by reference numeral 190 is a humidifier which may be
disposed within the air outlet chamber 152 of the con-
ditioning section 146 for the purpose of humidifying air
to be fed in to the space to be conditioned when the
conditioning unit is operated on the heating cycle.
During the cooling cycle of the conditioning unit
when the heat-exchangers 176 and 176’ of the condi-
tioning and heat-transfer sections 146 and 146’ act as
refrigerant evaporator and condenser, respectively, the
water condensate produced onto the heat-exchanger
176 in the conditioning section 146 is collected 1n the
collecting basin 178 below the heat-exchanger 176 and
is conducted through the conduit 182 into the vaporiz-
ing basin 180’ in the heat-transfer section 146" for
being vaporized and withdrawn as water vapor out of
the air outlet chamber 182’ of the heat-transfer section
146’. When, on the other hand, the heat-exchangers
176 and 176’ in the conditioning and heat-transfer
sections 146 and 146’ act as refrigerant condenser and
evaporator, respectively, during the heating cycle of
the conditioning unit, the water condensate produced
onto the heat-exchanger 176’ in the heat-transfer sec-
tion 146’ is collected in the collecting basin 178" and 1s
conducted through the conduit 182’ into the vaporizing
basin 180 in the conditioning section 146. The water
thus stored in the vaporizing basin 180 1s evaporated
and humidifies air being passed from the air outlet
.chamber 152 through the passageway ‘1n the bellow-
type duct 162 into the space to be air conditioned. The
air thus passed through the air outlet chamber 1352 is
further humidified by the humidifier 190 which 1s
partly immersed in the water stored in the vaporizing
basin 180 and partly positioned over the surface of the
water as indicated by dotted lines. The condensate
vaporizing arrangement of the embodiment shown in
FIG. 5 is thus adapted not only to vaporize and dis-
charge the water condensate produced onto the heat-
exchanger 176 in the conditioning section 146 during
the cooling cycle of the conditioning unit but to humid-
ify air to be passed to the space to be air conditioned
during the heating cycle of the conditioning unit.
While several embodiments of the present imnvention
have thus far been described with reference to the
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drawings, it should be borne in mind that such are

- 18
merely for the purpose of illustration and may there-
fore be changed and modlfied In numerous manners 1If
desired.

What is claimed is:

1. A method of re-condltlomng air supplled by a
central air condltlonmg system and circulated through
a space to be air conditioned in a bulldlng having a
ceiling chamber over said space, comprising (1) pro-
ducing a continuous stream of a refrigerant through a
closed loop having cycles to evaporate and condense
said refrigerant, (2) w1thdrawmg out of said space into
said ceiling chamber the air which has been circulated
through said space, (3) inducing a first forced circula-
tion of air within said ceiling chamber, (4) exchanging
heat between said circulation of air and said stream of
the refrlgerant (5) inducing a second forced circula-
tion of air out of said space and back into the space
separately of said first forced circulation of air, (6)
exchanglng heat between said second forced circula-
tion of air and the stream of the refrigerant which has
exchanged heat with said first forced circulation of air,
(7) collecting water condensate produced by the evap-
oration of said refrlgerant (8) bringing the collected
water condensate into heat-conductive contact with
the heat resultmg from the condensation of said refrig-
erant for vaporizing the water condensate in said ceil-
ing chamber and (9) withdrawing the resultant water
vapor-out of said cellmg chamber by means of said ﬁrst
forced circulation of air. o |

2. A method as set forth in clalm 1, in which Sdld
collected water condensate is conducted to the leeward
side of said first forced circulation of air for being
blown with the first forced circulation of air.

‘3. A method as set forth in claim 2, in which said first
forced circulation of air is at least in part directed
toward the water condensate conducted to the leeward
side of the first forced circulation of air. |

4. A method as set forth in claim 3, further comprls-
ing forcibly deﬂectlng a’ portion of said ‘first forced
circulation of air toward the water condensate con-
ducted to said leeward 31de of the ﬁrst forced elreula-
tion of air. | |

5. The method as set forth in claim 2 in which said
first forced circulation of air is totally directed toward
the water condensate conducted to said leeward side of
said first forced circulation of air.

6. A method as set forth in claim 2, in which heat
generated in said closed loop 1s at least in part passed
through the water condensate conducted to said lee-
ward side of said first forced circulation of air.

7. A method as set forth in claim 2, further compris-
ing detecting an impending overflow condition of the
water condensate conducted to said leeward side of
said first forced circulation of air and passing heat from
an external source through the water condensate con-
ducted to said leeward side of said first forced circula-
tion of arr.

8. An air conditioning unit for use with a central air
conditioning system for installation in a building having
at least one space to be air conditioned and a ceiling
structure formed with a ceiling chamber between upper
and lower horizontal members and provided with
means for withdrawing out of said space into said ceil-
ing chamber the air which has been circulated through
said space, comprising an air-to-air heat pump includ-
ing a closed loop filled with a refrigerant and having
cycles to evaporate and condense the refrigerant, first
circulation inducing means for inducing a first forced
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c1rculatlon of air W1thm bald cetlmg chamber second
circulation inducing means for inducing a second

- forced circulation of air out of said space and back into
the space, first heat exchange means for exchanging

heat between said first forced circulation of air and the

stream of the refrigerant continuously circulated

through said closed loop, second heat exchange means

for exchangmg heat between said second forced circu-

lation of air and the refrlgerant which has exchanged

heat with said first forced circulation of air, collecting

means for collecting water condensate produced by the
evaporation of said refrigerant, and vaporizing means

for bringing the collected water condensate into heat- -
conductive contact with the heat resultmg from the

condensation of the refrigerant for vaporizing the water
condensate, sand first circulation mducmg means and
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said vaporizing means belng pos:tloned within said

ceiling chamber.

9. An ajr condmonmg unit as bet forth in clalm 8 in .
which said vaporizing means comprise an open-top -

vessel located on the. leeward side of said first circula-

20

tion inducing means and communicating with said col-

lecting means for storing therein the water condensate
collected by said collecting means with the surface of
the water in the vessel exposed to the first forced circu-

~ lation of air- .
~ 10. An arr condltlomng umt as set forth in clalm 9, in

which said vaporizing means further comprise a wind |
deflecting plate positioned over said open-top vessel

for forcibly conductmg a portion of said first forced

 circulation of air toward the surface of the water stored |

in said vessel.
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11. An air condltlonmg unit as set forth In clalm 9,in

- which said vaporizing means further comprise a hot

pipe posnloned within said vessel and connected to said -
loop for passing therethrough' the stream of the refrig-

erant heated by the condensation of the refrlgerant
12. An air condmomng unit as set forth in claim 9, in

which said vaporizing means further comprise electric
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overﬂow condition of the water out of said vessel for
heating and vaponzmg ‘the water until the lmpendmg

overflow condition 1s remedled . -
'13. An air conditioning unit as set forth in clalm 9 in

‘which said first circuldtion inducing means is-posi-

tioned over said open—top vessel for directing said. first

forced circulation of air. downwardly toward the sur-

face of the water stored in the vessel. - .
14. An air conditioning unit as set forth in claim: 8 in
which said first heat exchange means 1s located on.the
windward side of said first circulation mducmg means.
15. An air condltlonmg unit as set forth in claim 14,

~ in which said first circulation inducing means comprise
"a centrifugal fan having a horizontal axis. of rotation
- and located sidewise of the windward side of said first

heat exchange means and above said vaporlzlng means.
16.. An air conditioning unit as'set forth in claim 8, in

which said first heat exchange means is located on the

leeward side of said first circulation lnducmg means.

" 17. An air conditioning unit as set forth in claim 16,

in ‘which said first heat exchange means is positioned

above said vaponzmg with its leeward side directed

downward and in which said first circulation inducing
means comprise an axial-flow fan having a vertical axis
of rotation and positioned over the windward 31de of
said first circulation inducing means.. - |
18. An air conditioning unit as set forth in claim 8, in
whtch said collecting means comprise first and second
open-top condensate collecting vessels located below
said first and second heat exchange means, respec-
tively, and in which sand vaporizing means comprise

first and second open-top water vaporizing vessels lo-
cated on the leeward sides of said first and second heat

exchange means reSpectwer and 'in. communication

‘with said second and first open-top - condensate collect-

- ing vessels, respectively, for storing therein the water

40

heating elément positioned within said vessel, said .

heatmg element being re5p0nswe to an lmpendlng

condensates collected by the second and first collectmg
vessels, respectively, with the surfaces of the water in

the first and second water vaporizing vessels exposed to

the first and second forced circulations of air.
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